Entrapment neuropathy is the result of pressure on a peripheral nerve as it passes through a narrow canal that is bounded by stiff tissues. In spite of their ubiquitous nature, they are underdiagnosed, underreported, and sometimes not properly managed, especially in developing countries. Entrapment neuropathies are of various types, but the most common type is carpal tunnel syndrome. Mechanisms involved in the pathophysiology of entrapment neuropathies include mechanical compression and nerve ischemia. A clear understanding of the various types and the underlying mechanisms of entrapment neuropathies are invaluable in the decision-making process involved in the management of every patient with the condition.
T he original concept of entrapment neuropathy refers to "a peripheral nerve lesion presenting without evident external cause and localized in one of those anatomical zones where the nerve passes through a narrow path". 1 These paths are not only narrow, they are also bounded by stiff tissues thus leading to confinements that may result in sustained tissue pressures. 2 Some of the neuropathies are common while some are rare and some are even controversial. Since, the term has been used for other compression syndromes due to external pressure.
Millions of people are affected by entrapment neuropathies worldwide. It is especially common among individuals with predisposing occupations or in those with certain medical conditions. 1, 3 These neuropathies occur as a result of mechanical dynamic compression of a short segment of a nerve as it passes through a specific site, which is frequently a fibro-osseous tunnel or an opening in fibrous or muscular tissue. 3 Symptoms usually begin insidiously and progress slowly, and these may include localized pain, sensory loss, and/or motor weakness with any of these three symptoms being more prominent than the other. Entrapment can occur in both the upper and lower limbs, and Table 1 gives a summary of some of the entrapment neuropathies including their sites of entrapment. 4 Carpal tunnel syndrome (CTS) is discussed in some detail as an illustration.
Mechanisms of entrapment neuropathies
For a good understanding of the mechanisms of entrapment neuropathies, a knowledge of the basic nerve injury types is necessary. There are three basic nerve injury types: stretch-related, laceration, and compression. Stretch-related injuries result from a stretch of the nerve as seen in avulsion of the brachial plexus (an example of this is the birthrelated injury, Erb palsy). Laceration injuries can occur from knives, and compression injury is the third most common type. Entrapment neuropathies fall under the compression injury type. In an attempt to classify the physical and functional state of the damaged nerve trunk, these injuries have also been classified into three broad categories by Seddon 5 : neurapraxia, axonotmesis, and neurotmesis [ Table  2 ]. 6 Sunderland later further stratified these into five categories according to severity. 7 Most of the entrapment neuropathies belong to the category of neurapraxia.
Given the potential permanent morbidity that could result from harvesting human nerve tissue, it has been difficult studying the mechanisms of entrapment neuropathies in humans. Thus, many studies on the subject have been in animal models, and limited data exist from human studies. 8 There are two basic pathological mechanisms involved in compression injuries: mechanical compression and ischemia.
Mechanical compression
In contrast to Wallerian degeneration, which characterizes acute nerve injury, chronic nerve compression injuries have found associated with some of the changes discussed below. These are postulated to be evidence of mechanical compression of the nerve. 1. Demyelination and remyelination: This has been suggested to be the mechanism underlying the slowing in nerve conduction in chronic nerve compression as seen in entrapment neuropathies. Animal models of chronic nerve compression injuries have demonstrated features suggestive of demyelination followed by remyelination of the compressed fiber. 10, 11 Given the crucial role of myelin in saltatory conduction of action potential, it is plausible that this mechanism is responsible for the slowing of nerve conduction velocity seen in entrapment neuropathy due to thinner myelin and decreased internodal length. 12 Electron microscopic analyses have shown that there is no axonal degeneration or swelling and these changes occur well before there is any detectable alteration in nerve conduction velocity. Decrease in intermodal length and myelin thickness underlie the disruption of the efficacy of nerve impulse propagation in chronic nerve compression like CTS. 13 3. Downregulation of myelin-associated protein and axonal sprouting: Without any evidence of axonal injury, it has been demonstrated that there is sprouting of axons in the compressed nerve due to a downregulation of myelin-associated glycoprotein, which is known to inhibit axonal growth in adult humans. 14 4. The response of the dorsal root ganglion: In response to chronic nerve compression, Chao et al, 15 have shown that there is an upregulation of Growth Associated Protein 43 a growth cone molecule that is critical in the modulation of F-actin behavior to extracellular cues. This upregulation has been found to be localized to a portion of the small-caliber isolectin B4-binding molecule and calcitonin gene-related peptidepositive neurons. They concluded that chronic nerve compression induces a phenotypic change in the dorsal root ganglion, which appears to be associated with an increase in glial-derived neurotrophic factor at and near the compression site.
Ischemia
There is a well-developed microvascular system supplying the peripheral nerve, and this is important given the energy-dependent nature of action potentials in these nerves. It is thus plausible Entire nerve trunk separated; no conduction that compression of these blood vessels, as seen in entrapment neuropathies, will result in dysfunction of the affected nerves. A thickening of the walls of the microvessels in the endoneurium and perineurium has been demonstrated in a few case reports of patients who had nerve segment resection. These findings were also associated with perineurial edema, thickening, and fibrosis at the site of injury. 16 There is usually a compression of part of a nerve with consequent disturbance of microcirculation earlier in the course of CTS, but this is restored immediately after transection of the flexor retinaculum. With this restoration of microcirculation, there is often an immediate and delayed return of nerve function which further buttresses the fact that ischemia plays a role in the development of the constellation of symptoms and signs seen in entrapment neuropathies. 17 Further evidence for the role of ischemia in entrapment neuropathies was demonstrated in a report of three cases of hypertensive patients who developed CTS after the commencement of beta-blockers, but with complete resolution after the drug was discontinued. 18 The patients were followed-up for up to 18 months without recurrence of the symptoms. Fluid retention occurring as a side effect of betablocker use has been postulated as the probable mechanism of CTS in these patients.
Carpal tunnel syndrome
CTS results from compression of the median nerve as it passes through the wrist within the carpal tunnel. 2 It is the most prevalent entrapment neuropathy worldwide with significant negative effects on the quality of life of individuals suffering from the condition. [19] [20] [21] The prevalence of the condition is not known in Nigeria. However, brachialgia paraesthetica nocturna (waking up at night due to unpleasant sensations in the fingers), which is one of the early symptoms of CTS, was found in up to 19.6% of the respondents in a questionnaire-based study in Ibadan. 22 In population-based studies, a prevalence of 10-20% has been reported for symptoms of the disease while the prevalence of definite CTS ranges from 0.9% to 10% depending on the method of case ascertainment and the population studied. [23] [24] [25] [26] [27] In a clinical surveillance of CTS, a bi-modal distribution was found in the age incidence with the first peak occurring in the sixth decade while the second peak occurs after the age of 70. 28 
Anatomy and pathophysiology of CTS
The carpal tunnel is a fibro-osseous outlet lying between the flexor retinaculum and the carpal bones [ Figure 1 ]. The tunnel is tightly packed and contains the median nerve and the nine extrinsic flexor tendons of the thumb and fingers with its narrowest portion being about 2.5 cm distal to its entrance. In healthy individuals, the pressure within the tunnel ranges from 2-31 mmHg while in CTS this is as high as 32-110 mmHg depending on the position of the wrist. 29 The pressure in the tunnel is increased up to 8-fold when the wrist is flexed and 10-fold when extended; 29 this could be the physiologic explanation for the Phalen's test which is a clinical maneuver used in the diagnosis of the condition. Experimental studies have demonstrated a dose-response relationship between the duration and amount of pressure in the carpal tunnel and the extent of median nerve dysfunction. 30 There are various risk factors for developing CTS including obesity, diabetes mellitus, hypothyroidism, acromegaly, flexor tenosynovitis, ganglion, and the physiological state of pregnancy. Every unit increase in the body mass index increases the risk of developing CTS by 7.4%. 31 The condition has also been shown to be highly prevalent among those that do works requiring repetitive hand movement. [32] [33] [34] It is idiopathic in up to 50% of cases, mainly premenopausal women. 35 
Clinical presentation of CTS
The usual presentation is that of paraesthesias affecting the thumb and the first two and a half fingers while some patients may complain of paraesthesias affecting the whole hand or pain radiating up the arm to the shoulder. 36 In more than half of cases, the symptoms are bilateral at first presentation while most patients present with symptoms in the dominant hand first. In the history, occurrence of any of the following symptoms in the area of median nerve distribution suggests a high likelihood of CTS: dull aching discomfort in the hand, forearm or upper arm; hand paraesthesias; weakness or clumsiness of the hand; and dry skin, swelling or color changes in the hand. 37 The provocative factors for these symptoms may include sleep, sustained hand or arm position, and repetitive movement of the wrist, and these symptoms can be mitigated by changes in hand posture or by simply shaking the affected hand. 37 The provocative factors that are usually used in the evaluation are Phalen's and Tinel's signs. The former involves sustained flexion of the wrist at right angles for 60 seconds, and this usually brings on the symptoms of the patient. On the other hand, Tinel's sign involves tapping over the carpal tunnel at the wrist, which usually elicits paraesthesias in the median innervated portion of the hand.
3,36
Reverse Phalen's maneuver (performed by having the patient maintain full wrist and finger extension for two minutes) changes the pressure within the carpal tunnel significantly more than Phalen's sign and it has been shown to add to the sensitivity of the conventional screening methods. 38 A combination of Phalen's test and manual carpal compression test has been found to have a positive predictive value of 95% and a negative predictive value of 88% when compared to nerve conduction study and is encouraged in primary care setting for early diagnosis of CTS. 39 
Confirmation of diagnosis
For confirmation of diagnosis in most cases, electrodiagnostic testing together with clinical evaluation is accepted to be the standard means. 40 Results considered to be abnormal include: an absolute sensory latency > 3.7 msec, a difference of ≥ 0.4 msec between values obtained for the median nerve and those obtained for the radial or ulnar nerve, a motor conduction latency > 4.0 msec, and an incremental change of 0.4 msec in the palmar serial sensory study after controlling for the patient's age and limb temperature. 40 Electrophysiological evaluation also helps in grading the severity of CTS. Although the correlation between severity of nerve conduction studies (NCSs) and symptoms are not well established, application of a grading system can assist in prognosticating the outcome of surgery. Patients with middle-grade abnormalities on NCSs have a better surgical outcome compared to those with very severe or no abnormality. 41, 42 Other investigations include magnetic resonance imaging, ultrasound of the wrist and, where applicable, investigations to rule out a systemic disease.
Treatment
Treatment could be conservative or surgical. Conservative treatment is considered for patients with mild disease, and this includes wrist splinting and the use of anti-inflammatory medications (e.g., local steroid injection). 3, 37, 43 Methylprednisolone injection was demonstrated in a randomized placebocontrolled trial to relieve symptoms and reduce the rate of surgical intervention. 44 For those who fail to respond to conservative treatment or those with severe disease, carpal tunnel decompression is recommended. 36, 45 It has been shown that the outcome of carpal tunnel release is comparable in those with and without electrophysiologic confirmation, which means inability to do a neurophysiologic test should not preclude surgical intervention in patients with typical symptoms and signs of the condition. 46 The use of radial extracorporeal shockwaves combined with wrist splinting is evolving as a treatment modality. 47 Another novel treatment modality is the injection of platelet-rich plasma to which patients have shown significant short-term improvement although the studies were limited by a small sample size. 48, 49 C O N C LU S I O N Dysfunctions that are characteristic of entrapment neuropathies are associated with increased load as a result of increased pressure from the compression. This compression leads to focal demyelination and remyelination but without axonal injury. It is the focal demyelination followed by slow remyelination that results in the slow nerve conduction velocity seen in these conditions because of the loss of saltatory conduction by myelin. Ischemia of the nerve also leads to reduced microcirculation with consequent perineurial edema, thickening, and fibrosis at the site of compression.
In view of the ubiquitous nature of entrapment neuropathies, understanding the underlying mechanisms could be of use in the management of the patients with any of the conditions. This review has tried to dwell on a general overview of entrapment neuropathies with a short discussion on the commonest of them; CTS. A clear understanding of the various types and the underlying mechanisms of entrapment neuropathies are invaluable in the decision-making process involved in the management of every patient with the condition.
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